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AMCHITKA BIOLOGICAL INFORMATION SUMMARY
by

- ‘ R. Glen Fullar

INTRODUCTION

Early in 1967, the United States Atomic Energy Commission, Nevada Operations
office (AEC/NVOQ), began a detailled avaluation of Amchitka Island, in the western
Aleutisns, as a potential site for underground nuclear testing. As part of this evalua-
tion, AEC/NVOO has maintained liailson with appropriate Fedaral and State agencies re-
sponsible for the fish and wildlife resources of Amchitka and its enviroms. The AEC has
also spongored a varied program of bloenvironmental inmvestigations, both on the island and
in the marine enviromnment around it, under the technical management of Batrtelle's
Columbus Laboratories.

In October, 1969, a "calibration” test, Project Milrow, was carried out on
Amchitka., Milrow involved the deronation of a nuclear device of about 1 megaton yield,
approximately 4,000 feat below the island surface. The effects of Milrow were studiesd
and documented by a variety of pre- and postshot observations, testtime experiments, and
physical measurements. Analysis of the Milrow—eiffects data led to the judgment thaf a
test of somewhat higher yield could be safely carried out on the island, The AEC has, Iin
fact, announced plans to conduct such a tesc, Project Cannlkin, during the £all of 1971L.

The AEC presence and activitles on Amchitka Island (one of the islandsg of the
Aleutian Islands National Wildlife Refuge) concern many individuals and organizations
dedicated te conservation and preservation of envirommental gualiry. This concern has
generated a number of inquiries and publicariomns concerning the potential effects of the
AEC testing program on Amchitka ecosystemsa. Some of them reveal misunderstandings about
the wildlife resources and ecological characteristics of the island. The present docu-~
ment pregents a summary of information on the more important wildlife specles and bio-
anvironmental features of Amchitka, and an evaluation of the influence of AEC activitias
on these features.

ALEUTIAN ISLANDS NATIONAL WILDLIFE REFUGE

The RKefuge 1s managed by the Fish and Wildlife Service (FWS) of the U. 8. Depart-
‘ment of the Interior (USDI). Amchitka is one of some 200 islands comprising the Refuge,
which stretches westward in a gentle arc, approximsrely 1,100 miles from Unimak Island
just off the western tip of rhe Alaskan Peninsula, te Attu Island, 250 miles west north-
west of Amehitka. (See Figure 1.) The islands vary widely in size, topography, wildlire,
and extent of disturbance by modern man. Some of the islands, e.g., Shemya and Adak,
are still occupled by American military forces. Others, like Amchitka, Atru, and Kiska,
still bear the scars of military occupation during World War II. Only two islands in the
Refuge (Atka and ¥nimak) have small native Aleut villages (USDI, 1966).

Unimak Island, the largest island in the Refuge, heing very closge to the tip uf
the Alaskan Peninsula, is inhabited by some of the large terrestrial mammals present on
the peninsula, including the Alaskan brown bear and the caribou. Caribou have also been
introduced onto Adak, and reindeer onto Atka, Other terrestrial mammals, such as wolves,
wolverines, and foxes, are found in the eastern part of the Refuge, but none of these uu-
curs on Amchitka.
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FIGURE 1. LOCATION OF AMCHITKA IN RELATION TO ASIAN AND
NORTH AMERICAN MAINLANDS AND THE ALEUTIAN
ISLAND CHAIN

With the exception of the Norway rat, which was inadvertently introduced during
World War II (Murie, 19539), and which has resisted all attempts at aradication, no ter-
restrial mammals are presently known to oecur on Amchitka. So far as is known, none of
the blotic elementa found on Amchitka is unigue to that island. However, ecological
atudleg in progress in connection with current AEC activicies should identify any unique
species or races that may be encountered. ‘

Mogt of the islandas of the Refuge are mountainous, scuwe with peaks rising to
over 9,000 feet. A number of these peaks are still active volcanoes. By contrast,
Amchitka 1s relatively low and flat, A section of high ridge country in the northwestern
portion of the island has a few summits slightly over 1,100 feet high, but some two-thirds
of the island surface has an elevation of less than 325 feet,



Amchitka, approximately 40 miles long and 3 to 3 miles wide, is oriented in &
northweat-southeast direction. It has a total area of about 73,000 acres, out of the
total of over 2.7 million acres in the nearly 70 named islands of the Refuge.

MAN ON AMCHITEA

Prahistorie Period

A 3ystematic survey of Amchitka by professional archaeglogists in l967 1969,
has disclosed nearly 80 archaeological sites, most of them prehistoric. Vandalism by
souvenir-tunting American troops during World War II greatly complicated the task of the
invegtigaters in establishing the sequence of prehistoric human occupation of Amchitka,

Test excavations were made in a number of sites in 1968 and six sites were
explored more thoroughly in 1969. Radiocarbon dacing of bone and charcoal obtained from
one site gave ages ranging from 890+9%0 to 2,550495 years. Not enough work has been done
to definitively establish the date of the earlies: aporiginal occupation of Amchitka, but
Desautels, et al. (1970) suggest that initial occupation took place "under 3,000 years"
ago.

All of Amchitka's recorded archaeologlcal sites are located along the coast;
most are refuse middens largely of the shell and bone remaina of fish, shellfish, hirds,
and marine mammals eaten by the aboriginal inhabitants. The sites are recognizable by
their lush cover of vegertation, probably owing to the higher nutrient content of the soil
and the better drainage afforded by the mound-like character of the middens.

Agide from the traces left at the occupled sites scattered along the coastline,

the prehiscoric inhabitants of Amchitka probably had little or no significant ecological
impact on the island,

Historic Period

The Aleutian Chain was discovered in 1741 by the second Russian expedition
under the command of Captaln Vitus Bering. Georg Steller, the German naturalist with
Bering's second expedition, took back to Russia extensive collections of plants and
animals, including specimens of sea otters and fur seals. The subsequent unregulated
exploitation of these valuable fur resources nearly extirpated the sea otters and fur
gsealg and, indirectly, the Aleutian aborigines as well.

Desaytels, et al. (1970) speculate, on the basis of another source (Coxe, 1803),
that Amchitka wasg first visited by the Russian fur hunters in 1753, An FWS source indi-
cates that the last permanent sertlement on Amchicka was abandoned in 1849, although
there was intermittent occupation of a few gices on the island thereafter, up to about
the time of the Japanese occupation of Atrtu and Kiska in 1942, ‘

Recent events significancly influencing the wildlife of Amchitka and, in some
instances, substantially changing its landscape include the following:
1911. An international convention regulating taking of fur seals and prohibiting killing
of sea otters was enacted. Amchitka 1s believed to have had a remnmant sea otter popula-
tion of perhaps 100 animals when the specles was placed under protection (Kenyon, 196%).

1913, FExecutive Order 1733 established rhe Aleutian Islands Reservation, later to be-
come the Aleutian Islands National Wildlife Refuge, with the stipulation that '"the estab-
lishment of this reservation shall not Interfere with the use of the iglands for light-
house, military, or naval purposes'. Amchitka was Iincluded in the "Reservation'.
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1921. Blue foxes ware incroduced onto Amchicka, under a fur-farming lease agreement with
natives from Atka Island. Foxes were harvested by the Atka villagers at least through
1936. That six anmual harvests reported (from 1928=1936) yielded an average of 626 skins
per year .suggests that the fox population was considerable. An unpublished FWS source
estimated that the fox population may have been as high as 4,000 at one time.

1943-1950. Amchitka was occupiled by U. 5. military forces. Estimates of peak troop
strength on the island vary widely (3,000-25,000). Regardless of the number of troops
stationed there, the military occupation left a lasting mark on the landscape, partic-
ularly on the southeastern half of the island, Three airstrips were constructed near
Congtantine Harbor, many miles of roads were built (including one extending the length
of the island), and many hundreds of quonser huts and other buildings were arected.
These structures were abandoned when military occupation ended in 19350,

The Norway rat was reportedly introduced during the military occupation (Murie,
1959). The rat population apparently buillt up rapidly, with disastrous consequences for
some specles of birds that had formerly nested on the island. Kenyon (1961) concluded,
from studies conducted between 1955 and 1959, that ", . . the rat has exterminated two
nesting species on Amchitka, the Song Sparvow (Melospizg melodia maxrima) and the Winter
Wren (Troglodytes troglodytes kiskemeta)." (Recent studies show that Amchitka has a
sizeable breeding population of winter wrens, and that a few pairs of song sparrows
breed on nearby islets. These species either were not extirpated, as believed earlier,
or have become reestablished.)

1951-1957. A fox and rat eradication program was carried out by the FWS, using strych-
nine and "1080". TFoxes were eradicated and the rat population rveduced. Feral dogs and
cats abandoned on the izland at the end of military occupation were alse eradicarted,
The bald eagle population iz reported to have declined somewhat during the period of
intensive predactor peisoning, bur had apparently recovered by 1959 (Kenyon, 1L96Ll).-

1958-1959. A "White Alice" station was constructad and operated by Western Electric
Company for the Department of Defense.

1962. A program of controlled harvesting of sea otrers was iniciated by the Alaska
Department of Fish and Game (ADF&G).

October, 1965. Project Long Shot, a Department of Defense underground nuclear test of
about 80-kiloton yield, was carried cut with AEC assistance. A "Bloenvironmental Safaety"
study was conducted by the Univeraity of Washington {Seymour and Nakactani, 1967),

1967. Construction activities and bloenvirormental studies in preparation for further
underground nuclear testing were lnitiated by the AEC and its contracteors, .

October, 1969, Project Milrow was carried cut by the AEC as a "calibration'" test to
determine the feasibility of safely conducting a test of somewhat higher yileld. The
bioenvironmental effects of Milrow are discussed below.

FISH AND WILDLIFE RESOURCES AND TERRAIN FEATURES OF AMCHITKA

It {3 not the intent of this Summary to attempt a detailed description of the
natural history of Amchitka. Instead, some of the more significant features of thea
igland, which are of particular concern to the public and te the scientific communicy
because of their rarity, thelr special interest to science, or because of their economic
importance, have been selected for discussion. To the extent posslble at this time, the
impact = or potential impact - of AEC activities on these features is also discugsed.




Sea Otter (Enhydra lutria)

By 1911 the sea otter was nearly extinct in the North Pacific Ocean and Bering
Sea, ag a result of intensive and unregulated fur hunting by the Russians and, later, by
the Americans. . The otter was placed under protection in 1911 by an international con-
vention subscribed to by the United States, Great Britain, Japan, and Russia. Under
protection, there was a gradual recovery of the otter populations starting from small
remnant groups that had escaped the fur hunters. One such group apparently survived on
Amchitka.

Kenyon (1%69) estimates that the Amchitka sea otter population may have been

‘about 100 in 1910-11, increasing at the rate of about 10 percent per year to a peak

population of about 4,500 in the early 194Q0's. Then there was a sharp decline, probably
due to depletion of food supplies. The population reportedly fluctuated betweenm 1,500-
2,500 thereafter, until 1965 (the last estimate reported by Kenyon). Kenyon estimated
that the total Alaskan sea otter population in 1965 was about 24,000, with the heaviest
concentratiens in the Andreanof and Rat Island groups; Amchitka is part of the latter
group.

Helicopter support avajllable in connection with AEC activities on Amehitka has

made it feasible to conduct both visual and photographic censuses of the sea otter popu=-

latign. A visual count made by FWS bilologists in 1968 led to a population estimate of
3,170 sea otters (Spencer, 1969). An unpublished 1969 count by FWS personnel gave an
estimate of 3,630. A photographic/visual census made in 1969 yielded a population esti-
mate of 2,800 (Stephan, 1971). The photographic/visual census estimate for 1970 indicated
a population of about 3,300. Differences between estimates derived by different methods
are not unexpected, in view of the difficulty of counting otters in the marine environ-
ment under generally unfavorable weather conditions. The estimates do, however, suggest
that during the pericd 1968-1970 the Amchitka sea otter population 1s not declining, and
may in fact be increasing.

Alagka Department of Fish and Game (ADF&G) personnel began harvesting sea otters
from the Amchitka population in 1962, Harveats by ADF&G reported to date are: 1962 -
180 animals; 1963 - 311 animala; 1967 - 205 animals; 1970 - 205 animals. The furs col-
lected from the early harvests were sold to commercial furriers at an auction held early
in 1968.

Many habitats within the former range of the sea otter (e.g., the coasts of
southeastern Alaska, British Columbia, Oregon, and Washington) are too far from present-
day populations to be colonized by natural immigration of the animala. An obvious solu-
tion would he to move groups of animals to these habirars from ocher areas, Attempts to
transplant otters from Amchitka to other habitats were started in 1951 by FWS biologists,
in the hope that transplanted colonles would survive and become established as breeding
populations, to serve as new dispersion centers from which the animals could move out and
cccupy more and more of their original range. In time, the aea otter might thus be re-
stored to much of the extensive range it occupied before unregulated hunting led to its
near exterminatiom.

Early transplant attempts falled, but seven animals were successfully trans-
planted in 1959, These animals were removed from Amchitka to St., Paul Ialand in the
Pribilofs; at least some of them are reported to have survived for 2 yeara. Kenyon (1969)
speculated that this attempt ultimately falled either because the number transplanted was
teo small to form a viable colony, or because the habitat may have been marginal since
it wag at the northern limits of the original range of the species. Subsequently, the
ADF&G carried out what were believed to be succesaful transplants of larger groups of
otters in 1965 and 1966, alchough these animals were not captured at Amchitka.




Methoda of capture and handling have been improved, and in 1968 AEC cooperated
with the FWS by providing logistic support for air tramsport of a total of 359 animals
to six locstlions in southeastern Alaska, and one location in the Pribilof Islands. A
similar transplanting operation was supported by AEC in 1969. The 1969 transplant, total.
ing 116 animals, included one locartion each in southeastern Alaska, Washington, and
British Columbia, plue the delivery of 4 animals to the Point Defiance Aquarjum, Tacoma,
Washington. A single male sea otter had been brought to the aquarium by Karl Kenyon, a
BSFaW biolegist, in 1965. The acquisition of the additional animals will permit further
dgtudies of the species in captivify. 1In 1970, 59 more animals were transplanted from
Amchitka, 30 to the Washington coast and 29 to the coast of Oregon.*

During the period 1967 through July, 1970 nearly 1,250 sea otters have been
taken from Amchitka, in transplants {(including losses during capture and handling),
harvests, and for experimental use. Despilte thiz subscantial removal of animals from
the population, there has been no evidence of a decline in the total island population.

Other Marine Mammals

Amchitka has small resident populations of Steller's sea lion (recently esti-
mated at about 7350) and harbor aeal (estimared to total about 350). These estimates
were made July, 1968, by FWS bilologilsts. Fur seals migrate past the island but are not
known to come ashore unless sick or injured. There i5 no reason to expect there has been
or will bhe adverse effects of the AEC cperations on any of these populations.

Five species of whales are hunted by Japanese and Russian whaling fleets oper-
ating on both sidas of the Aleurian Chain. Whaling grounds vary from year to year, and in
some years Whaling operations occur in the Bering Sea and Nerth Pacific Ocean off
Amchitka. Major catchesa in the western Aleutians are made during May through August.- No
adverse aeffects on the whale fisheries are expected from AEC tesating on Amchitka.

Birds

Eighty-nine species of birda {including residents, migrants and accidentals)
ware recorded on Amchitka by ornithologists from August, 1967 through June, 1970
(Williamson, et al., 1971). An additional 11 species reporred by Kanyon (1961) have not
been seen during the recent study period. Nearly half of cthese 100 specles are infre-
quent visitors or accidentals; only 27 species were found to breed om the island during
the 1969 nesting season. The following species are of special interest, for one reason
or another:

Bald Eagle (Huliaeetus leucocephalus): The southern race of the bald eagle is
listed as "endangered" by the U. 5. Department of the Interior (USDI, 1968). However,
' the northern tace is not so listed. A USDI leaflet (1963) lists the bald eagle as "com-
mon'” in the Aleutian Islands National Wildlife Refuge as a whole,

The resident population of bald eagles on Amchitka is curreatly estimared at
about 200, including 55 breeding pairs. Nests are characreriatically on the topa of "sea
stackg", lsolated pinnacles of rock cut off from the mainland by wave erosion. Less

-

*The USAEC DRAFT ENVIRONMENTAL STATEMENT - CANNIKIN, June 12, 1970, comments ou the sea
otter rransplants as followa: '"The AEC is supporting the sea otter transplant from
Amchitka because support facilities and rapid air transportation are available and this
assistance can be furnishad ADF&G withour interfering with AEC operations, or incurring
significent additional expense. The support is not being provided because there is
apprehansion that the Amchitka otter population will be significantly affected by the
proposed underground nuclear tests.”



,;ommc'“ly negtsa are placed on the adges of the sea cliffsz. No adverase effects of AFEC
opgrations (including Milrow) on cthe bald eagle population have been observed. Milrow

s conducted in October., Since nesting of the bald eagle is essentlally complaete by the
end of July, no eggs or nestlings were on nests at the time of the detonation. No gea
stack or sea cliff nesting sites utilized by bald eagles were destroyed by ground motion

from Milrow,

Peregrine Falcon (Faleco peregrimug): This species is considered as "endangered"
rhroughout 1ts range (USDI, 1968). Thus, the Amchitka resident population of peregrines
nas teceived special attentiem in the avian ecology studies. During 1970, 12-14 eyries
were occupied by nesting pairs. Fledging success was not determined in 1970, but in 1969
fledging success for ll eyries where nesting attempts were known averaged 1,36 voung per
nast (Whil:e, et al., 1970).

The worldwide decline in peregrine populations has been attributed, in part, to
cumulative effects of pegticides, especially chlorinated hydrocarbons. These compounds
are believed to be responsible for eggshell thinning, which in turn leads to increased
breakage of eggs and lowered reproductive success. White, et al, (1971) have reported on
the DDE* content of Amchitka peregrine falecon eggs, and on the DDE content of a number of
gpecies of birds preyed upon by the peregrines. The eggs of Amchitka peregrine falcons
are substantially lower in DDE contentc than those from southwestern Canadian islands
where the peregrine prey species are similar to these at Amchitka. Nevertheless, these
authors find evidence that shell thickness of Amchitka faleon eggs is significantly less
than that of comparable eggs collected hefore use of chlorinated hydrocarbon pesticides
began. Amchitka peregrine eggs are also being analyzed for PCB**. The sources of fChe
PDE and PCB found in faleon eggs from Amchitka, and cthe routes of dispersal to this re-
mote location, are as yet undetermined, bur thelr existence in the Amchitka ecosystem
is believed to be unrelated te AEC activities on the island.

No falcon eyries were destroyed by Milrow, and, since this test was conducted
afrer the nesting season, no eggs or nestlings were affecced. There is no evidesnce thar
other AEC activities on the island have had any direct effects on the resident peregrine
falcon population.

Emperor Goose (Philacte comagical): This is the most abundant overwintering
species on Amchitka, appearing in small numbers as early as September, and reaching an
gstimated peak population of about 5,000 individualg by midwinter,*** The breeding habi-
tats of the Amchitka wintering populaticon are not known. The nearest known breeding area
for this species 1s in northeastern Siberia, but this is aonly slightly nearer than a
knpwn breeding area in western Alaska. There 1s no redson te expect that a contained
nuclear test on Amchitka would adversely affect the emperor goose wintering population.

Winter Wren (Troglodytes troglodyteg): This species was considered by Kenyon
(1961) to have been extirpated from Amchitka; predation by rats was thought to be the
probable cause. Recent gtudies sponsored by AEC report an estimaced resident populaticn

*A major mecabolite of DDT.
*4Polychlorinated biphenyls - industrial chemicals used in plastics and seme rubbers -

which are known to have bilochemical effects similar to those of the hydrocarbon pesti-
cides and their metabolites.

k%kAn earlier issue of this Summary, released in 1969, gave an estimated peak wintering
population of 12,000, based om earlier observations by Smithsonian oranithelogists., The
present estimate, based on observations made in the winter of 1969-70 with the aid of
a helicopter, is believed to be more realistic.
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of about 1,000 individuala. The proposmead nuclear testing and related ARC actlvitcies aye
not expected to adversely affect the winter wren population.

Song Sparrow (Melospiza melodia): This species appears to be rare on Amchitka
proper, owing ta rat predacion; it breeds on offshore islets which have no rats. It was
estimated that there were aboutr 10 breeding paivrs in the 1969 nesting seasen (Williamson,
et al., 1971). The apecies is listed as abundant in the Aleutian refuge as a whole
(USDI, 1963).

Aleutian Canada Goose (Branta canadenais leucopareia): This race, described by
USDI as "endangered", is reported to breed only on Buldir Island, some 120 miles north-
west of Amchitka; it 1is believed £o have been extirpated from other Aleutian Islands az 5
nesting specles by predation by intreoduced foxes, and possibly by rats. USDI has con-
sidered Amchitka, among several other islands, as suitable for reestablishment of breeding
populations of this rare race of Canada gocose, which once bred on Amchitka and several
other Aleutian Islandz. Plans to attempt reintroduction of this species were recently
executed. A colony of 75 birds from the Patuxent Wildlife Research Center was transplanted
to Amchitka early in March, 1971, using AEC logistic suppert te transport the birds.
These birds are descendants of 5 pajrs of birds obrained as goslings on Buldir Islapd in
1963.

Figh _
Dolly Varden (Salvelinus malma) are found in most of the freshwater streams of
any size, and in many of the lakes, on Amchitka. Thare appear to be two populations -
resident and sea-run. This is the only species that can be considered a freshwater sport
fish on the island.

Three speciens of Pacifie salmon (Crweorhynchus spp.) spawn in freshwater streams
on Amchitka. Earlier investigations had inddicared that there were only about seven ot
eight salmon-spawning streams on the island. However, a more thorough survey of potential
gpawning streams, made in the summer and early fall of 1970 when helicopter support was
avajilable, identified 21 streams in which pink salmon (0. gorbuecha) spawned. Coho sal-
mon (0. kisutch) were observed in 5 of cthese srreams (Newhold, er al., 1970). Sockeye sal-
mon (. merka) have been seen only infrequently during the studies started in 1967. Sal-
mon runs on Amchitka are relacively small, and cheir contribution to commercial fisheries
stocks can be considered negligible compared to that of streams on the Asilatiec and North
American mainlands.

The principal commercial fishing carried out near Amchitka is the Japanese high-
seas salmon fishery from mid-May through early August. Adult salmon caught by the Japan-
esa off Amchitka during thia cime arve migrating through the area to spawning streams on
the Asian or North American mainland. Immature salmon, which make up part of the Japanese
high seas catch, are also passing the Aleutians during their seasonal movement. Apparently
neither adults nor immatures spend much time near the island during these migration
movements, ot

Alaskan salmon fishing is carried out in coastal waters, at or near the mouths
of arreams to which the fish are returning to spawn. Thus, the Alaskan salmon harvested
are taken at locaAtions far to the east of Amchirtka. The Alaskan salmon fishery starts in
June, reaches a peak in July, and lasts until September.

At present there 1s no king erab fishery near Amchitka, and exploratory fishing
has not established whether the king crab stock in the area is sufificient to suppoert com-
mercial fishing. The Japanese and Russians fish for king crab in the eastern Bering Sea,
while the Alaskan crab fishery is carried on in the Gulf of Alagka, on both sides of the
Alaskan Peninsula, and near the eastern Aleutians. These salmon and king crab fishing
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rounds are sufficiently distant from Amchitka that the AEC underground tescs on the
jsland are not expected to influence these fisheries.

Some Russian and Japanese fishing vessels may operate {n the general vicinity of
ghe western Aleutians duripng summer and early fall, fishing for Pacific ocean perch
(Sebastes alutus) Pacific halibut (Hippoglossus Btenalepza), and other bottom fish. This
fishing activity usually declines markedly after September. These filsherias are generally
conducted in deep water (50-500 fathoms), mainly in the Pacific, west of Amchitka. Ex—

loratery trawl fishing conducted during the late summer and early fall of 1970 produced

no significant catches of Pacific ocean perch or other hottom fishes on the Facific Ocean
gide of Amchirka at depths less than 100 fathoms, There was a marked movement of Pacific
ovean perch to deeper water, i.e., to depths of 300-400 fathoms or more, during September.
Bottom trawling produced no large catches of commercial species in the Bering Sea off
Amchitka, and bottom conditions were found to be unfavorable for trawling (Burgner, et al.,
1971). '

Sgils and Vegeration

The sells and vegetative cover of Awmchitka vary widely from area to area, depend-

-ing largely on topography, elevation and drainage characteristics. The southeastern half

of the island, where the AEC nuclear testing is being conducted, is a plateau of relatively
low relief and poor drainage dotted with many hundreds of shallow lakes and ponds, ranging
from a fraction of an acre to nearly 70 acres 1n area, and 3-6 feet deep. Elevations in
this portion of the island gemerally range from about 125 to 275 feet, although higher
glevations are found at a few points.

Much of this lowland section is covered with a maritime tundra vegetation, con-
sisting mainly of lichens, mosses, sedges, grasses, and subshrubs such as crowberry.
Permafrost is absent. The mat of living vegetation ia in many areas thin and easily dis-
rupted. . In poorly drained areas the vegetation 1s underlain by several feet or more of
spongy, partially decomposed peat that offers little suppert for off-road vehicular traf-
fic. Once the living vegetation is depressed inte the peat layer by the welght of a
vehicle it dies, and revegetation of such tracks may be extremely slow. Vehicle tracks
across the tundra made during World War II are still visible in many places. On some
alopes they have eroded entirely through the organic layer to rock substrate. On dis-
turbed areas with reasonably good drainage, and especially where some mineral soil is
present, e.g., along graded rcadways, natural revegetaion by a native lupine and certain
species of native grasseés can occur.

The northwestern half of the laland iz wountalnous, with summits up te 1,100 feec
high or more, grading inte a high plateau region with elevations of 700-800 feet at the
northwestern end of the island. At higher elevations, deposits of peat are either absent
or very thin. Vegetation grades from nearly continuous cover by upland meadow to patchy
clumps of prostrate dwarf willow-crowberry, interspersed with large areas of bare gravel
or small boulders.

Certain soils of the ielands are maturally unstable and rend to move gradually
downslope, whether disturbed or not. Unstable solifluction terraces on basal mineral soil
and rock subatrate are found in the higher parts of rhe island. In the lowland section
where peat deposits have built up to considerable depths on moderate to steep slopes, in-
stability may be due to the presence of a natural slippage plane between the peat layer
and the mineral substrate. Overloading of such scils on sloping terrain caa lead to
massive soll and peat slides. Such a slide vceurred in one stream valley where drilling
vastes were stored in sump pits on unstable soll at the head of the valley. The effects
of this slide are discussed later.
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AMCHTTKA BIOENVIRONMENTAL FROGRAM

_ Under contract with AEC Nevada Operations Office, Battelle's Columbus Labora-
toriea initiated ecological studies on Amchitka early in 1967. The investigarions are
being carried out with the asgsistance of gscientists from geveral universities, the Smith-
sonian Ingtiturion, the U. 5. Fish and Wildlife Service, and the Natlonal Marine Fisher-
ies Service., The bhiocenviromnmental studies are designed to: (1) predict, document, and
evaluate the effects of AEC testing activities on the bicta and the enviromment: (2) rec-
ommend measures for minimizing adverse effects; and (3} predict and evaluate the disper-
sion of radionuclides in the marine environment and thelr potential transport to man via
marine food chains, should there be an inadvertent release.

The program includes studies of soils, vegetation, biota of freshwater streams
and lakes, birds, and marine flora and fauna, including some exploratory fishing. An
annual sea otter census 1s being conducted to aasess population trends, Laboratory stud-
ies on the response of gea otters to underwater overpressure pulses were conducted early
in the program. Presently, a field study of sea otter behavior 1s in progress to provide
addirional data for predicting possible effects of the proposed Cannikin test on the
Amchitka otter population. Modeéls have also been developed for making conservative pre-
dictions of the dispersion of any radionuclides that might inadvertently be released into
the marine ecosystem around Amchitka, and their tranaport to man by marine food chains.*

The present bioenvironmental] studies, when completed, are expected to add ma-
terially to our basic understanding of the ecosystems of this remote island., I addition
to the 30 AEC reports covering these srudies, published ro date by Battelle's Columbus
Laboratories, some 25 journal articles on the bicenvirorment of Amchitka and the surround
ing ocean waters have baen published, or are in preparation for publication, Many of
these were presented at a special symposium sponsored by the Ecological Soclety of
America, held in conjunction with the 2lst Annual Meeting of the American Institute of
Bivlogical Sciences, August 26-27, 1970.%% Six graduace thesas have been prepared on the
basis of work carried out as part of the bioenvironmental studies program, and It is an-
ticipated that addicional theses will be developed on the program before it is completed.
Much of the material contained in this Summary is derived from the reports and other pub-
lications mentioned above.

]

AEC COOPERATION WITH FEDERAL RESQURCE AGENCIES

To asaist the U. §, Fish and Wildlife Service in carrying out its funcrions on
amchitka as custodian of the Alautian Islands National Refuge, AEC provided funds making
it poesible for the FWS to assign two Refuge Management Bilologists and two Research
Blologistas to participate in che Amchitka operations and investigacions, The FWS Manage-
ment Blologists are responsible for surveillance of the island at all times. Their pri-
mary function is to advise AEC engineering and construction personnel on measures fuor
minimizing disturbance of the ecosystem and for preservinmg Refuge values.

With the implementation of recent organizational changes in the Federal Cuvern-
ment, the two Research Biclogists assigned to the Amchirka program now represent, respecs
tively, thEJbepartmen: of the Interior, Fish and Wildlife Service, and the Department of
Commerce, National Marinpe Fisheries Service (NMFS). The role of these representatives is
to maintain technipgal liaison between their respective agencies, AEC Nevada Operations

*The USAEC DRAFT ENVIRONMENTAL STATEMENT - CANNIKIN, June 12, 1970, states: ''The
CANNIKIN test 1s designed to retain activity completely underground and the chance of
prompt release of radicactivity to the biosphere is remoce.”

*#The complete series of papers preseunted af this aymposium will appear in a speclal
edition of the journal, BioScience, scheduled for publication in June, 1971.
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pffice, and Battelle's Columbus Laboratories on matters partaining to the biscepviron-
pental studies program.

In dddition to providing for the services of the above-mentioned liaison and
advisory personnel, AEC is supporting an NMFS study by marine scuba diver bioclogists on
the distribution-and abundance of sea urchins in nearshore waters off Amchitka. The
pureau of Commercial Fisheries (now NMFS), Seattle Biological Laboratory, waa also funded
to conduct a O-week oceancgraphic cruise near Amchitka during the winter of 1967, Valua-
ple new data on the cceanography of the North Pacific Ocean and southern Bering Sea were
collected. '

BIOENVIRONMENTAL EFFECTS EVALUATION

Throughout the progress of the Amchitka bicenvironmental program attention has
been given to assessing the Impact of AEC activities, both nuclear testing per se, and
field operations required to support the testing, on the Amchitka ecosystems. A special
program of testtime experiments and observacions was carried out in conjuncrion with
Milrow to evaluate the effects of that test and to provide 2 basls for predicting the po-
tential effects of a subsequent higher yield test,

Prior to Milrow, bloenvironmental base lines were documented in the terrestrial,
freshwater and marine ecosystems. Postshot studies began soon after the Milrow test to
identify and assess prompt effecrs. ILuvestigations are comtinuing, to evaluate any bio-
envirormental effects that may not have been detected in the early postshot period, ~

Several experiments were conducted during the Milrow shot to obtain biological
regponse data to aid in agsessing the effects of Milrow, and to be used in scaling up pra-
diccions of blological effects that might be expected from future tests of greater yileld.
In these experiments, sea otters, freshwater Eish, ocean fish, and crabs were placed in
nolding pens in their natural habitats, to study their reaction to and survival of shock
effects of Milrow. Following the detonation, survey parties of blologists, including
repregentatives of the U. 8. Fish and Wildlife Service, reconnoitered the area surround-
ing the Milrow test site by helicopter, beat, and on foot te search for any dead or in-
jured fish, marine mammals, or birds. These surveys commenced a few hours after the shot
and continued for several days.

Effects of Milrow

The prompt effects of Milrow on cthe Amchitka bioenvironment are discussed by
Kirkwood (1970} and by Merritt (1970), based on reports from all investigators partici-
pating im the fileld studies. The prompt effects were minimal, Summarized here are the
principal effects detected during the early post-Milrow pericd:

(1) Two small lakes near 5Z (surface zero) were parrially drained
upon formation of a shallow subsidence crater around $Z (a
depression about 1,000 feet in radius and 15 feet deep at its
lowest point).

(2) A few lakes and streame exhibitéd changes in water level or strTeam
flow ratess and rhere was a marked decrease in zooplankton in a
sifigle lake soon after the test.

(3) Numerous threespine sticklebacks (Gaeterceteus aculeatus) -
#mall freshwater fish widely distributed in the lakes and
streams of the island - were killed in two lakes, 1,650-
3,050 feer from 5Z, possibly due to abrupt pressure change
with passage of the shock wave. However, in neither lake
was the entire stickleback population destroyed, so ultimate
recovery of the populations in these lakes is anticipared,
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Shottime experiments with Dolly Varden and salmon confined
in holding pens in lakes and streams near SZ demonstrated
that these species were not affected by shock forces from
the detonation.

(4) A few dead marine fish were observed in the inshote waters
during early post-Milrow overflights, but no evidence was
found that any marine fish populations were significantly
affected by Milrow. Fish and crabs confined in live boxes
during the Milrow tast were found to be unaffected when
recoverad after the test,

Pre- and post-Milrow sampling of populacions of bottom=

dwelling sea urching (Strongylocentrotus sp.) at Bering

Sea and Pacific Ocean sites near SZ indicated that these
invertebrate populations were unaffected by Milrow.

(Some die—off of algae was noted on the shallow intercidal
bench along a short section of Pacific Ocean shoreline near
Milrow 5Z, during a survey made about 6 months post-Milrow.

A part of the inshore marine terrace had been lifted vertically
a few inches on one side of a pre—existing fault, which was
enough to affect some of the algae in this zone. Ulcimate
agtablighment of an algal cover is anticipated.)

(5) One sea otter confined in a floating test pen in the Pacific,
9,200 feet from Milrow SZ, was found dead after the testc.
Necropsy of the animal revealed nothing identifiable as a
test-ralated cause of death; in fact, cause of death could
not be determined. Twenry-twe additional otters in test
pena survived without apparent harm. One of Chese test
pens was located on the Pacific shore, 4,300 fear from S5Z.

One dead porpoise was found near the Bering seashore about
2 miles from 5Z. This animal had a fractured rib that had
penetrated the lung, causing death. Cause of the fracture
could not be determined.

(6) No adverse affecta of Milrow on the bird populations of
Amchitka were detected.

(7) Rock and turf falls totaling nearly 14,000 cubic yards of
material occurred along the coasts opposite Milrow SZ. The
largest rock fall took place on the Bering Sea coast, in a
cliff area that had apparently been subject to large natural
rock falls during past years. No eagle nests or peregrine
falcon ayries were destroyed.

(8) No prompt changes in terrestrial vegetation communities wera
expected, and none were found. It is anticipated thar any
_ such changes that occur will come about slowly, as a result
- of changes in drainage patterns resulting from surface sub-
gsidence or from fracturing of che peat blanket,

(9) A few "moss mounds" within 1,500 yards of 52 were explosively
destroyed, presumably as a result of a sudden increase in
hydrostatic pressure with passage of the ground shock wave.,

(10) Radiation~monitoring programs conducted by other project
participants have not detected any release of radioaccivity
from Milrow.
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From this listing ic is clear that the early bicenvirommental effects of
Milrow that have been ildentified and documented are relatively few. These effects
resulted from the shock of the explosion transmitted through the ground and water, and
from subsequent earth movements. Most of the effects occurred within a radius of about
2.5 miles from SZ. Some of them, e.g., the partial draining of lakes near Milrow $Z and
the cracking of the lake bottoms and tundra near 5Z, would be evident to anyone viewing
the site. Other effeects, such as reduccion of stickleback populations in two lakes near
52, were obviaus only during the early posttest studies. Fileld studies continue in grder
to determine how rapidly these populations recover. Studies conducted ro date have nat
produced evidence that any of the island's ecosystems has been significantly altered by
the Milrow tesc.

Effects of Operaticons and Site Freparation

The principal impact of AEC activities on Amchitka since 1966 has been that
associated with construction, drilling, and other site preparatioms, and accupancy by as
many ag 700 men at peak periods.

Road construction and improvément have generally adhered closely to the road
network lald out during Werld War 1I. Fresh grading, and gquarrying and disecribution of
road gravel have resulted in some siltation of lakes and streams. The ecological signifi-
cance, 1if any, of this disturbance has not yet beean evaluated,

Several spills or leaks of drilling liquids have resulted in the pollution of
some lakes and sections of streams, with the consequent death of biota in the polluted
waters. In one stream valley a mud slide, triggered by overloading of drilling mud sumps
at the drill site near the head of the stream, flowed all the way to the mouth of the
stream - a distance of over 2,000 yarda. A FWS bilologist stationed on Amchitka esti-
mated in July, 1969 that a total of about 10.5 miles of stream channels and about
70 acres of lake had been polluced by sice preparation and construction activities,
mostly from drilling mud spills or leaks. However, it should be noted that by the sum-
mer of 1970 several of the pelluted streams were Iin the process of recovery, as evidenced
by the presence of invertebrate bottom organisms, Dolly Varden, and spawning pink salmon.

Some 950 acres of terrestrial habitat were reported to have been disturbed by
1969, largely by road bullding and repairs, drilling and comstruction, and development
of gravel-supply areas. About half ¢f this represents new disturbance; the balance is un
land previously disturbed by World War II accupation (Merrirt, 1970).

It is anticipated that restoration of a certaln part of the terrain disturbed
by the AEC's use of Amchitka can be hastened by such measures as contouring and/or re-
gseeding with selected species of grasses and possibly legumes. Plans for carrying out
such restorative -actlons, where feasible, are presently under joint consideration by AEC
and FW5., Technical assistance iz belng provided by specialists of the Alaska State
Agricultural Experiment Station, Palmer, Alaska.

Cannikin

Discussionsa of Cannikin, the next nuclear test planned for fall 1971, are beyond
the scope of this document, The reader 1s referred to the Cannikin "Environmental State-
went", to be issued by the USAEC in spring 1971, for predictions of expected bioenvireon-
mental effects from that test and for related information.
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